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1. What do you see aghe biggestremaining barriers to electrifyingbus fleets?
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Transit agencies (twelve with BEBs deployed; two just beginning to electrify):

A Foothill Transit, CA A New Jersey Transit, NJ

A Long Beach Transit, CA A Rochester Transit Service, NY

A Los Angeles Metro, CA A New York City Transit, NY

A Santa Clara Valley Transportation Authority, CA A TriMet, OR

A Chicago Transit Authority, IL A Metropolitan Transit Authority of Harris
A TransitAuthority of River City, KY County, TX

A Metro Transit, MN A King County Metro, WA

A Mountain Line, MT

Electric utilities with battery electric bus programs:

A Pacific Gas & Electric, CA A DTE Energy, M
A Xcel Energy, CO & MN A Portland General Electric, OR
A Hawaiian Electric, HI

Not-for-profit organizationswith electric bus deployment experience:

A CALSTART A Center for Transportation and the
A Electric Power Research Institute (EPRI) Environment (CTE)

Engineering firmswith electric bus deployment experience:

A HDR A wsp

Charging and/or managed charging providers:

A ABB A Mobility House
A Amply A Proterra

2UEi ¢ Ai AcEAT&ABE ¢y i ALE
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Thisfigurec o | j - " . BEmissiodRus Roloat Plardepicts the proposed design and buildout

plan for the conversion oftheir Division 18 toelectric buses. Clockwise (from upper left),the diagrams
show existing conditions (December 2018), to construction stagng, to full buildout.

Source: Los Angeles CountyMetropolitan Transportation Authority[6]
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pgrgflkp ~il k®Ilgahf 0 ed'lordd kkpdA oknr f obp "©obpg ~e”od!
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"dbk fbp e~sb ifqgqgqgdbrgbkyeftodfkbdol tebap¥ktef e
bib>gof > fqv "I pgp ar b Og@ p@bqg B kA 5 eplot b/pod kac qf | k
of php ~ppl frgba tfqgel i dagnydMbd”i ebadbopp bkR bar _ i f
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_bi®@wig8eAbk debdhmelboibjp | > ro% fgqg "~k _b jlob e
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1 This agency was not alone; four out of 11 transit agencies surveyed in a 2018 report experienced relectric
vehicles colliding with on-route charging structures[35].
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Wall Box / Pedestal Mount Integrated Dispenser Modular System
(power cabinet + dispenser)

5ef p cf dr oBlectioVehicle CHargig@gpGuidebook depicts different configurations for DC Fast
Chargers. The modular system depictedfarthest to the right offers agencies flexibility to locate power
cabinets separate from dispensers.

Source: Gadstein Neandross & Assaiates [10]
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King County Metr@p q b pq ° e 6pengdirkMarclt 2022dsésfingerted pantograph dispensers
mounted on overhead structures to chargeup to nine battery-electric buses simultaneously.

Source: King County Metrg[11], [12]
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This figure fromthe/ ~ g f | ki 3 bkbt " _i bFoéhllblamsivBatiery Electi¢Bus o v @
Evaluation shows the overhead structure at Foothilb o * k p f q @p " Rlugih ehérding eidpensers
drop down from motorized hose reelsmounted on the gantry structure.

Source: National Renewable Energy Laboratorjl 3]
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Box 1. Designing a Charging Ecosystem is Not One -Size-Fits-All

TriMet in Portland Oregon is a notable exception to several trends in charging
strategy that demonstrates how agencies can tailor their charging strategy to their
unique needs and characteristics. After an initial deployment of five buses in

2018 andfive more in 2021, Tri Met is preparing for its next deployment of 24
buses set to arrive in 2023. TriMet has designed a unique charging strategy that

t fili rgfifwb ~bkgo”i U ' erodf kd fpi~rka

Buses will be manually cyled through the island overnight with the goal of
charging 3 buses from each charger per night. The chargers are intentionally
designed to be as simple as possible in order to ensure reliability. Each charging
box has a single plugin dispenser, ensuringthat if one box goes down, only one
af pmbkpbo f p 7 csitebstaffjanchaikailable space aj @ifsioot depots
enables this manual approach, though they did also note the need to develop
operation and maintenance training and processes for staffa follow when things
al k@q dlI ~p mi~*"kkbaA
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Aka ~mmb”pA* kobpfakigp ~mmi f > ~ ¢ plfk¥#nid ecbvp bg eabf p neb*kop

2 Some states, including California and Washington, reqire visual impact assessments as part of their state
environmental review. One agency mentioned having to implement treatments to beautify chargers in public
places.
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Source: ZEBGO, December 2019

5efp cfdrob colj - " . b q gant®g-mouhtédicHaigers3cbnduit,land@ssdciatédk a b mf ~ g p
pantographsabove buses, with power cabinets along the outsideThe design is intende to address
space constraints at their depots.

Source: LA Metrd6]
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*k | oabo ql rkabopg”ka elt qgo~kpfqg ~dbk fbp ~ka
bib>qof N > ~qfl k% fqg fp rpbcri gl rkabopg”"ka qgeb e
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f Utility-sidlemakeob”~av fkco”pqgor >qrob E~ipl Aiiba Uif
f Customer-side make-ready infrastrt’ qr ob E~i pl ~~iiba Ubib >qof"’
fkcorpgor grobUE% ~ka
1 The chargers themselves (also called the electric vehicle supglequipment
EU&74&UEEA
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"Nii bl¢clgpeg lc ~ii geobb pbdjbkgpA 5eb ' fk~ Ak >fkd ¢
geb hfkap I ¢c moldo”jp ~s™~fi”~_ib ~q pljb rgfifqgftk
-~"odb qo~kpfqgq ~dbk > fbp tfqge pr _pqg”kagfflI*rk Ibd b> gqof N
gr"hfkd xmofj~ov pbosf b@d col|j gebfo rgfifqgqv¥% tet
fkcopqor grob qge~q fp kloj?~iiv Ik geb rqgfifqgvdr
colj gebfo rqf@IfiqwDpb mioff § B @A B'balf lkekeflbrpg pae | rgieb f o 1
abgbojfkb terq "I pq pe”~ob ~ka moldo”j I mgflkp | f

"f dyMbb qof> #rp $e”r~odfkd *kco”pqgor qrob

Plug-in Electric
Vehicle

Power Lines Transformer Meter Electric Panel/Switchgear

This figure illustrates utility-side make-ready infrastructure, customer-side make-ready infrastructure,
the charger/EVSE for electric bus charging stations.

Source: San Diego Gas & Electr@Company [20]
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EhghEU sECCei Ag

S5ebolb P bosbh o gif stkcirvgrmfbj priptb pNkode g go”* kpagflg ~dbk  fb
i |l tgeobl pg | ¢ crqrob “~e”~odf kd#l jffkkb™*pbpgpbkagtqbl Rpmi l
colfjkgbosf bt &fbkp o ki ii frkaghlo bl k aer*fogd pcglpogqg ™ kr gobkq
abmil vkiakogy f kd qgo” k prcklqofj bflond aeaf Bl gkf  k » i go*kpcl oj boy
crqgtbbAgorkpfq ~dbKkfpgp itielbugelrl pb kalrfg cl o cr ql
| sboRrHiw atrrfpg ob ™ | jfjkb kapab c@ngyt bbb ékededobop obnrfob
Il karfqgA Okbatho bpfhajdieogvV kg 4+ bphbl k i b okba pfl
fkpg”iiba buggeob*k “klbkbérofback ger goba f k obfhbl gaibo | ka
gl 2> ljjlanrqgb ef delb@dndbb aoli™eEikiblétdgeAo crqgrob
mol | Nkdf b pkbpi gkahdgyebpclpoj_pa¥ qf | kr¥nd ok aa blpg egbl o
pbosb geb qo” "k@bogj dbk bodk biblalpdb@”*qgebo ge”k mboc«
fk objbkg”i rmdo~abp tef )& gqdthka idlk dBbdub Kl Isdolw ~% li pAq i
"phba te~”q qo”“kpfqg "dbrk ef bopod i "kt éash fqk q bco's ff b tf mbp
bj merpfwba Nejp¥®biojbblid qgof N> 2qfl k mi~kp tfage i
fkgbosfbtbbp bumi ~fkba ge~q qgebfo rqfifqfbp tfili
rmdo”~abp ql pboktNaiblkfatdébv bolb pbaA

&s bk tfge pgebomi PRKkifkdBi v pqgfii ~ ifjfqg ql elt
b~ _ib gl omblusfabA¥% 1(%&Bp &7 'ibbg 1ol do”™j % te
rmdo”abp clo 50”rkpfqg Owdkbak efbbrrmsw” lksd elf g é tho " jed afdrf jk d
tfii |l kiv molsfab bklrde ~""m~"fqgv ql pr mml oqg qet

abmilvikd | sbo geb kbuml NbkgbbpapAkaeap pphgpbpc
e~kdb Il o dbg p>”~iba _~ hA

4| jdbor*kpfq ~dbk fbp fkgbosfbtba abp of ba “e”iib
rqfi fgwht@®dej Nonj ~kp A3 5Wwmibuf Kk mabb ghe’~aqgopfaqe b f o
abmilvjbkq p ebarib fp abmbkabkg Ik ~s»fi~_ib cr
fq fp " e”iibkdfkd gl molsfab qgqeb "I k obgb abmil v
obnrbpgbaA 5efp go kpfqg ~dbk v fOOgebvohpeéhdldg”hf
rgfifqv rmdo”abp kkbbopp ™ oev* oo fbKpdr frkkohdi ook 1 efo ~ p

/I bt $lfghv Bobkpfrgskafkd bib > qgof N ~qgflk ~ka mlqgbkaqg
gebfo “~Amfqgq~ri Mmi*kkfkd mol " bppbp

suUT gEiTigd +iGuE
6qfifgfpit*dbibi enbiomtklbbdpgqd’kkpfqg ~dbk > fbp rkabopqg
bib qof fqv _fiip tfii ~e”~kdb ~“p qgebv abmilv bilt

_fiipA 4bsbo”ri rqfifqfbp | NDbo op'qbey (*"fpi®bp bl N ~i i v
o"gbp qet™Mqgge fgkob" krpnfi h o r @b jprledaredDepdb obi fbc mol d
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abgrfiba fkcloj~rqgflk geb afDbobkg qvmbp I ¢c o”qghb
pbdhedbl cqg@F*plbak” dba $d1 o dffeddmm b o A

suUAAAi A¢ @&CE GEi O vUEi ai UAT |

bpfifbk b ql mltbo I rg”rdbp e~p dr"fkba fk ob”~pbe

vbrop ~p fnbbgp _bdfk gl jlsb glt~oapbkpicvA ~ib
krj _bo | c¢c afhDbobkg ~“mmol » ebp ~“ob " roobkqgiv _¢t

"ka qgqeb obpb~”8qge gelfjpj plgftgvbAs kI | kb ~mm@b”" e e”p

Ngpii pfisbo _riibgA

5ebob ~ob pbsbo”i mo‘foka'ifbnppi p cd eqgfdatp fe'il diltgk bdko r ol iorbalf

"fopg¥% kI plirgflk tfii molsfab +606 mbo bkqg pbos

%bsbil mfkd ~ obpfifbk v mi~k tfii ebim ~dbk fbp

mobm~ob cl oi "ka pkogfibshebv kbba ql @mbbsfab fk
j"kv ~dbkpf Bk  bjjbl ob pf dk&kNbhkh gedbdo dibpbq
efde ibsbip Ic bib gof > _rp mbkipgadodhpghbdksaAb Olkd ~drk
kl®i b > qof> _rpbp ge”~qg "~k _b rpba ~p _~>hrm fk
pelria q”@bf atb p‘vnpngobl j~ ° € ddplk * o boppf itffbgkef jyd @b ab  bkqgo
‘e o@frkidgf mi b bi b’ qof Nablar cabb ml egpo d@pok d/ |ield'sbokij Il kob
_r@ikqobpfifbk b ~8ebkpfgobl mPrkbptgtetopp A ob
obpfifbkg gebtfPdbdbr _bbp&l pbAqb]

2U1 UuCssiiAAg A

5empN pgbm clo ~dbk > fbp fp ql absbilm ~ obpfifbl
fimlog"kg clo ~dbk fbp gl abNkb bu”~>qgiv te~rq obpg
terq ofphp gebv ~8mhpljV ofg™o\v bo mihifkkdiAi vA *kgbo
$rifclokf™"¥abklgd mkbkjf mi p¥cbgv mltbo perql Dp _v r
Nob a8kfbbAfq fp kb~roiv fj m»Movfp@bdahgl mobm~ob cl
"rg”pqol mef I rgr"db% ~dbk fbp -~ Ak kfpalgk qfgew foka
bib>qof ~i pbosf > bA

$5& ob Il jjbkap ge~q ~“dbk fbp obnrbpqg obif~r_fifqv
elt lcqgbk¥% ~ka el te”islbk d “Mdrtodoabbafl ¢ g drblpgp A ' ol j eb
1o bu~rjmib% rm |jfkd obpb”o e rkabo qeb /~gfl k~i " ~abjfob

Transit Cooperative Research Program will study resilience and emergency response planning for zero
emission fleets [36].
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"~k abNkb geb _~plkbibapbigl!l c bpbnwsfsTmbaeTfTdk ~k bj b
jFkf o] pbosf b obnrfobjbkqg j~v abmbka | k geb g\

#v ~k”~ivwfkd geb "~ e”c~o” gbofpgf p ~ka cobnrbk v |
pbosf b obnrfobjbkgp arof kd ~d&ke bfijd ordibtkb ov ¥k BPlidk = f
arofkd ~k bjbodbk v ~ka fc kbbaba% fjmibjbkqg pli
ml t boA 3bpfifbkbwumblkiprfgoko baglvaj *vag_b “or  fri fk
bsbkg | c ~k Irg~rdbA "dbk ' lfqemoj bk gfmkhhg tdalej bp/yi
bjbodbk v obpmlkpb mi*"kp% pr- e ~p p ellip ~"ka el
I Al

*kgbosfbtbbp fabkgfNba clro mlgbkgf~ri dofa obpfi

9 Grid hardening

1 Generator port + molle power source

9 Redundant electric service

1 Microgrid
5eb objr"fkabo I ¢c qgefp " e”mgbo mol sfabp abg~"rfi | k
vUET GziQuahigu CA " GEi O KAEOUAIi Ag
5eb jlpg “1jjlk Ilrg”dbp ~ob “2~rpba _v ~ qgobb cni
geol™ del t bo _lu¥% ~ sbef  ib orkkfkd fkqgl bnrfmjbk

6gfifgfbp ~ob tlohfkd e~oa ql fjmolsb geb | sboni
qgvmbp Il c fk fabkgpA *kgbosfbtbbp pr didibfpggw aglge ” q
abgbojfkb terq fp mlppf _ib fk gbojp I c dofa e”™oe
gebfo il >~qgfl kA

6gfifgfbp ~ob ~ipl mfl kbbofkd@ppaobghbdigpbpbe!l cobar
eroof ""kbp% pkltpqglojp¥% Itéd kiqf iga Nothp A k'sd b ks bfabg kj
gl bkprob ge~q gebfo | mborg@ybkp O6bpfi bbkidbmmihkk

vUET tzidusiigd CA +° GUAUEAgCE sCEg . _Ciiuau
(bkbo”riiv¥% geb ~eb” mbpq ~ kaf pb~gpefoblprgd et "v dgbl k bnooMl gsl f
lj_fkba tfge ~ jIlI _fib mltbo plro b pr-e ~p ~ dt
gb ekf > i pg*"kamlfkqgq¥% fgqg fp c~foiv b~rpv gl "~aa
"I kpgoge™K k_b "I j mrqgf _isk ftifrge b jdrKdt Ipd ro b | r
$roobkqi v¥% e gflplg Il pgi b mltbo plro b fp ifhbi
k~gro”ni d*p dbkbo”rqlo% _rq fk qgeb crqrob jI _fib
sfr_idjwppflk ~"igbpkbgfsbAvsgopbf pk il > 2qgflkp t e

ql mbojfq ~ &afAbpbi dbkbo”~qgl o
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Okb bkdfkbbofkd Noj fhgbhgbkhtbhpprbtdbphhkegl qgebgpf
l o lgebotfpb rqfifwftkedbdb molqeaw ]| bk e~ bk *pdd ml
tebk gebv kbba fq _rqgle¢obtkbqpmftBfeFpbagdliardb |
AN iNdbkgklpbb rm pmc» b ~gq qeb abml @fgb pelb&fkd d§e
klg fk rpbA

vUE{ tzidushigd CA - vUOhAOAAg 8uUTgEiIilT zUE!

*

kgbosfbtbbp abp of ba qge~q fk pljb p bk~ofl p3% f
barka"kq pbosf b ~q ~ abmlg colj qgebfo rqfifqv}?
i b>qof > fqv prmnmi vA 0Ok bgla barfl g fj Kol gtl cbbabop b
r _pg~rqflk o qtl afnDbobkg pr_pag”rqfl kpA *c | kb c
|l ptfg e mltbo ql qgeb | gebo cbbabo ~ka "I kqfkrt

efp qvmd klIo dipad kiavbnmfiim® pfi lipb ¢ gt l cbbabop tf
AmA>xgionAf obp ~aafqgfl k2 bi b qgof ™ ~i pbosf b fkcoa
bbabwpt¥d'i iptMfpg edb”ro ~*"mA_Ab* ¢ ¢VvipmwloogTrdfolbd qetho s
dbk v ql mr o e “gpvb |okb pgoeobs braisqg brak ke b bp bbousnfb'kip f s b A
-"pqgqiv¥% qgefp “"mmol " e | kiv molsfabp obpfifbk b c
bkl rde gl ~Nb g _lgeqdbbabopg¥%tggkl agmmgt bbAi

01 Q9 T T O

(¢}

>

vUE Gzi Qudhi U iCIAE Q¢ Ei O

pli”~o ~ka pglo~db jf ol dofa obmobpbkagp ~ mol jf
wb@lj fppfl kp _~ > hrm mltbo fkabmbkabk@bkkNgeb dof :
| wb@lj f ppkblodv dbkbBarqlkRkmbls bdgalmoqgqf > fmrqgfl k fKk
rgfaldfjgvka ompmbdEmpp k fii "ovApbltshstboF " "mkdiglpbbof k
"ka "~ ec~odfkd "I jmrkfbp fkgbosfbtba obmlogba qge”c
bumbkpfsb¥% ~“ka o”olkebphkbkNdkgp Aip g _Sdlpprai g% ~dbk  f
pmbkafkd pfdkfN 2kql@®fhpipfeblkmeolfgbp’Ag col j

"p pli”~o ~ka _"~gqbov "I pgp "I kgfkrb gl ab’ ifkb%
“1jjl kA *k ~aafqfl k% fk>ob”pbof bfpk3g bnolbipfq” vijk” hdboof pa¥s
fkarpgov j~v rkil > h kbt plro bp I c¢c crkafkd clo

plirqgfl kpA "db@biihp ot’'fqdpp efath¢ "kla ~e~odbp¥% "~ka | :
bib>qof fqgv j~v _b ~_ib q#tjfj'tcblbaA "oHggboébNkr k N«
tfqge i llrgmrigfrolria ~ipl "I kpfabo jf oldofap mlt]
4~kg”™ $i o™ TFTitvrpprkai B qepl jf ojdedbdta $d@oll kde do
50"kpfg Ombo~rqgfkd 1ol do”"j B350 1M fMdka7 5'edp $ab micd
N @bl g @ulel g Irgall o ~"ob” ~agMdabiphbg & kdheb mrohf kd
pgor qrob tfge qeb bib qof i db”~o ~ka "~ e”odfkd
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'éxnl

pgl ordb clo ~ EABDdJ@EDIIl*ik or aaofoqfvl k ql obpfifbk b
lrgrdbp¥% tef e fp bpmb friivadimblgmkgi Of spkclBagv
perqgl NDp% 75" tfi @ dANfrko@fbkhcr deaddoqdfflkkd® iqfoj b qgqeol rde
_~qgbov pglo~rdb pvpgbj A 5eb jf oldofa tfii ~ipl
altkpfwb gebfo bib qgqof  ~i pbosf > b "Il kkb>qgfl kA

"fdpADkg”r $i~o”r T7Aiibv 50Mkprildkgrgfl k "rqgel o

SCALE Pﬂﬂ%.ze

This figure froma January2022 press release depicts a design rendering of Santa Clara Valley

50"kpmlog”~rqgfl k "rqelofqgv®@p mi"Kkiamda-hglf megawattsoffsdar ~ka ~ e odf
paired with four-megawatt hours of battery storage wil reduce energy costs and provide backup

electricity for up to 20 hours of emergency operations

Source: Santa Clara VTA21]

."oqe"@p T7fkbv~oa 50”"kpfqgq "rqgelofqgv e”p "~ipl abn

fibbgqg bicb’+quof > _rpbp fk ~2~pb Ilc ~ mlitbo I rg*rdbA %
jf oldofa fp "I kkb gba qgql geb dofa ~“ka "~k pqgl ok
7f kbv~roa Gniptolpoid irlyddp e~ odbop gl jrufjfwb geb rpt
qed Vbl

Osbo”™ii % gebob fp ki l kb pfwb Ngp ~ii plirgfl k c

Sbpfifbk b fp bjbodfkd ~p ~ hbv ~ob” I c pqgrav cl
ANiobrav _bf kd lgbepbotopethd bvk “Tfbopi wgrpag _bdf kkfkd gebf
gl rogk'bkvli g kb bapfgdk fijdbhpikigf bk b f ksbpqgj bkgp rkqgfi g
"ob jlob bpogt gibkmdé Kal iprgk golNdL gf sbA 4qfii % mi "kkfk
obpfilfrbo'lkk*v _bkbNg c~ fifqgfbp mi*kkfkd ~ka obart
crkafkd colj mr _if> ~dbk fbp ~ka rqfifqgfbp% tel
obpfifbk b3% j~rv ~ipl ebim b2pb gefp mrAfk mlfkqg c
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8 AEh EU AicAd AiE)k i Ac
"l pg Mii go”kpfqg ~dbk bibfp? fxpdofsfihtfom deabmojblppd
fim ogrkq moflofqgv clo fibbg j~k~"dbopA #bfkd " _ itk

fp hbv gl ~ pr > bppcrkqltbo 9f mtolf NP ~kb d ko bnpb D¢ Ao b
krj _bo | c _ bpagp sd™ myffk'dbp ~cflkod el 1 ko k db U ret ol ff kbl %

sbkafkba pgobkdgebkfkd pbosf b ~dobbjbkgp ql j " uf
_Ai AGUAAAT U zgAeaai Ac

&i b qof” _rpbp “"kKdkgetodbad DNbob kgr wav’pgbj p ge”™k
mrj mpA . ~fkgbk”"k b pg”D tel hklt geb fkp ~ka |rc
bib>qof > qgb eklildfbpA .~fkgrfkfkd “e?odfkd pvpoc

absbil mjbkgA &""eé qrebodfekd jKkYKKE bp¥% ~ka qo"fkfk
qo~kpi~rgb colj I kb j~krc~> qrobo ql "“klqgeboA /1 g*
l cqbk obnrfob% ~p "~ qboj Il c gebfktobhk gmprbggnrqg "
“boqgf Nbja® krvc "geqr obo A

Sofgbk d " dba bfrggffif qv¥% 11 oqgi ERL&GEBD P Flaa” &d o qof °
jr"fkgbpb&sMobabpg of ba qgef p boddkbke If jdie k4 dep f k d
qge2@& e”p bumbofbk b tfrghopdbobdog@ddB+ i Nbar f mjbkaqg
jrfkgeffkkdd bnrAf mj bkq

0Ogebo qo~kpfq ~dbk fobphktkgbbé&tibbbambbfbékbad Hé&€qge
bnrfmjbkqg fpos$sif@floidocljdAf kKdlok Hki*kpdmisdkkqv qo”~kp
Nk@54bp  of uammefodlo® b &b og™odfbk do nerffdegg bkg cl o qgebf

Nk@loor fi pbosf bp qebfrk oo skipaidadfdiioki kk/ bt b goh ~ g
$fHo"ptgf e ~ipl | mbo~qbp bib qgof > o~fi pbosf b
"oka j~fkgbk”"k b I c gebfo bib qof > _rpO > e”~odbop

elrpb cr~ fifgfbph prmmlog mbopl kkbi EA
"$ 5o pkbpbfhgf Kb ql absbil m qebifoj flptpkf |gko Acfbk fekkdl i lbckfg’

phflizpi56~kpfq ~iob~av obmlogp "l kar > qfkd | sbo gt
"l ropbp fk prmmloq | ¢c qgqebfo fAnbbg I c +0 crbi b
"l ropbp "“ob ebia fk mrfogkbopefm tfge ~e”~odbo | o
Okb f kgbos/Hpftwbdba bgene s*i rb ql _I ge geb qgqo”*kpfqg

bpg”r _ifpefkd cloj”i pbosf b ibsbi ~dobbjbkgp EU4
j"fkgbk”k b ~p qeb _fddbpg ~ob” Il c jfp Ijjrkf ~c
bumb ™ qf kd @0 Qys "Nfrifrk gfbikfrgkv bcol j " e”~odbo jAkrc”™ qr

ersf®@drfplb | mborqfl kp ~ka jrfkgbk” "k b pg”ND clo qc¢
bumi ~fkba qe”~q cloj”*i 4-"p "~k ~slfa qefp hfka I
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j "krc”N” > qgrobop qgnho lbnkbporiovo pe™¥b a* ol j bbg geb pbosf
4-" A

zé ABAJEgQ E

-l kd #b~ e 50~kpfq klgba ge™~q pljb pm*ob m*~ogp ~
ilkd ibr~a gqfjbpA 5ebv gebobclob ob Il jjbkaba hbbn
pmrédwgpA 502kpfq ~dbk > fbp "k obnrfob gebfo "~ e”c
gl fk irab fk ~ pm~ob m”oglmdfksfbikkdy | okva “gov mfb'iNi 2ig
qf jbp clol AhebogmfogpS5o~kpfq klgba qgqe”~q | sbo qf ]

jfdeg klg jbbg geb pmb fN ~qflkp I c geb | ofdfk"i
sbkal opA

SABNME) ECAAEQRUAOCRAGgEAT gE

4dbsbo”i fkgbosfbtbbp afbkp  iorfa fbkad gpegbo Ifkjdml”~okga® k™ "ibb ~l oc
fkbkal o “qglkgbok’prgopb & baybd o Srormkfpjflg; fk . fkkbplg”r o
Il kar “gba Nsb ~2~pb pqgqea&thpb | &b miol \kipd gbliKbbcko ff ' bp_r
l geb hbv i bpplkp i b”rokba t *mpqaoylekbd fjlInkl goog™ kg rb™ il ci "e
clo sbkalo I kgo”  gqp f ki yilrbasfbkddqilmi wackhpo jorfk "bba j b g o f
“e”™i i bkdbgbofqgtekbf kodb p miokgpefb ki b emodbo fpprbp ~ol pb¥
"Il kecrpflk ~ka abi ~vplH kA*Kkkimd b 8 k b p p e dlbadthio’™gk & o | |
(bkb&™ gffqgp bib qof ™ _r pbmdloghiag dthfdadyd kslof_.ripq %
"ka "~ e~odbo sbkalop ql obplisb " 1jjrkf ~qflkp frg
_bfkd IlagRiif kb

#bi It fp I"kgo”pqgq lgcbojp cl o qgo~kpf qg ek kfdbp gl T
sbkalkgo”lcagp fglf grgb ppd |l _ deblamba”dklgbhpsf btp tfqge
Ndbk > fbpX%uklakdi kiobbopRrRid Nojp

1. Define charger availability requirements based on bus service requirements

'"p jbkqgfl %hb@af dkf lg& 'S ef N oeddf Thiplp @ B2o | fek*fokddb o
obnrfobjbkgp qgeolrde f[flpabBiki fkallog”&dgNopk”" imv
5 bpb obnrfobjbkqp e?eddho NbPoiby Bfcigfpgf ki r aba
f Kk qgo~ kfpdgd@k”ad bk mol| ~rdlpj bhkophkygly tlohfkd tfq
"dbk fbp “ka I gqebo pg*"hbeliabop ql absbilm p
qo~kpfq ~dbk dborpr bgp q pfpke i3pr BEfpo of k1l déoma d fmh b k g

aorcq |l c qgefprp’hjbmigh | X'o? kplogi Mabkgv pmb > f N
abg~rfip ~_lrq qebfo bib q&4f ~jIlrkd Il mkedoq falbkg Mg
gedl i il tfkdA
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<

Number of busesand their make and model

Type of charger (plugin, overhead pantograph, wireless) and their required
power levels

V Dwell times and charging windows for buses

V Third-party hardware and software systems for charge management and

<

operational data collection and reporting that the chargers will need to
integrate with

V Weather conditions in which chargers will need to operate @mperature,
humidity, precipitation, severeairborne dust conditions, severe winter road
maintenance processes, etc.)

2. Specify compliance with charging standards

1r _ifpeba obmlogp "ka fkgbosfbtbbp bj me”rpf wb:
bnrfmjbkogigl tflge " e~odfkd pg~rka“oapA $erodf k
fkgbol mbge~rf§i mgvaplgp colj ~ s~ofbqv I c j~rkr
gl dbgebbAmpempl gb > q ~d~rfkpg geb ofph |l c ~ j~
"ka afp Il kgf kr fprad*kboqndof Ef mbpbanbqgf _fifqgqv ql
mol sfabop fk qgeb crqrobA

5ebob ~ob afhDbobkq pg*rka”“~oap cl o afhDbobkqgq qvi
(rfab_l 1l h clo %bmilviK®ld ; bol &jfppflk #rpbp
9 Plug-In chargers: Sociey of Automotive Engineers (SAE) J1772 for DC
chargers and SAE J3068 for AC chargers
9 Overhead chargers: SAE J3105 for overhead chargers

/1 g~ _iv¥% pbsbo”~i fkgbosfbtbbp bumi ~"fkba qe”"qg
fk elt gl fkgbomblkd opgflgaTwmagkb®lbppdewvocl o sb
gl fk> irab jlob pmb > fN gb ekf > ~i obnrfobj bk
pgrka“oapA 50~kpfqg ~dbk > fbp "~k “lkpriq tfge
mr _if i vobBslrdfo™bp bpr e 1t1pohelodijogGbjof Kdb
bur>gqiv te~q gebpb obnrfobjbkqgp pelria _bA O
fp obdobgcriiv " 1jjlk clo qgo”krgpflqgq Ydokkh™ f bp ql
tfqgqe gebfoemopdbét*rpbageb pgrka“~oa e”p _bbk fk
af DbobKAg5ebdbvpkgbosfbtbb bumi"fkba qe”rq¥% tefi
obpml kpf _fifqgv gl ”"~aebob ql pg*ka“oap¥% qgo”*kpi
l gebo qor"kpfqg ~dbk dbpeygddfiKdobrlpaobrmlj phi d&"°
er"sb tlohba qldbgebo fk geb m~rpgA

"kl gebo t~* v ql bkprob fkgbol mbo”r_fifqv _bqgthb
pmb fcvfkd “aebobk b ql pgrka“oap “ka | gebo
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prjb sbkalo @l»kaebrpAk”ojdml oqg*rkqgi v¥% qgefp | mqf
ao"t_"~"h |Ic dbkbo”iiv _bfkd jlob bumbkpfsb qg¢
rp sbkalop Apbmro~rgbi v

3. Define minimum response times for specific charger issues
$5kI gipbe”q pljb oo kKkpifrgabyeébk of s bikfad rof a1 &kma * " q ¢
a~j"r"dbp fc gebob ~ob abi”~vp fk _rp abifsbofbj

bnrfmjbkg fpkbg jbbgfkd ~kv rmgfjb obnrfobj b
"l kqgo”"Ag gboj p

4. Establish long-term maintenance commitment, and/or require vendors to
share essential technical information needed for equipment operation and
maintenance once the warranty period is over
Okb qo~"kpfqg ~dbk v fkgbosf bt boa ocaeblp " boudf mfboa™ q\f |pk
l c "Omrdodé kd bnr f n¥ bgkegp tgroorok pkfedvoddmk * v e
mbocl oj "kgd~ d ppelby tbob rk”~ _ _ib gl "~aaobpp tfc
sbkal o% tel fkpgb”ra t~kqgba {ambgppbfokspff go ~dbk
RO

5. Require bus manufacturers and charging providers to test the bus -charger
connection before accepting delivery
Okb go~kpfg ~dbk v pgigbakgeefiktiza flebvi t babet
"aafkd qefp obnrfobjbkgA

6. Specify key software requirements, including the following:

V For transit agencies using a thirdparty chargemanagement or data monitoring
provider, require Open Charge Point Protocol QCPP compliance.

V The Electric Power Research InstituteEPR) described the value of havingocal
rather than cloud-based controls, as this allows site monitoring, data
collection, and remote management to continue even if the internet connection
goes down.

V Require that software updates on buses and chargers be tested offsite by the
provider withge b gqo”*kpfqgq ~dbk v@p pmb fcf | j_fkA"
before the update is rolled out
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7. Require remote monitoring and diagnostics

4bsbo”i fkgbosfbtbbp bumi "fkba qgqe”~q qgqeb j~rgl
"ka objbaf ba##pus fl ipfpogpw A~ gba _~pba | k gebfo bu
tlohfkd | k bib gof™ _rp "~e~odbop ge”~q ~_Ilrq
objlgbjhvoBkambk ‘ikkg b Nuba objlgbivA 3Dbjlqgb
Nipl fabkgfcv T ecodbokfppibpfmbkyfagivd kidv qgebg
“e”~odbo fp kbbabaA -I1kd #b~" e 50~kpfq ifpgba
AN hbv c¢crk gflk I c ~ dlla “e~odfkd plcqgt”~ob pl

Zz CegIFMEWMNAACUO z&ABQI KAE
1"foba tfqe qeb kadfddeqgdpekcogattkdbb 3 pjblak qga |l i t ef "~ e

“er"odbop “ob rpba¥% t¥e bkk¥a “cqo ltje toe fmlet bndh tibbos bio pq
5efp "k dbkbo”rgb pr_pgrkgf”ri Alpg “ka | mbo~rqgfl k

dbsbo”i fkgbosfbtbbp ~kapmr _bgperbiaphbbuned ofqglpk ‘abp ™ o
j“"k~"dba pétogMitikdpo kpf gfikdblksf bpeblékbegd sl r pb

j "kr"dba peétagdfebdclcot 0 srofB&kVilrafk pl kg " h | c |
fk"k~"dba “~e”odfkd pflogmtjptpbgbiabirthpsbdk blogrf kqgv
_bkbNgp tlria grpqfcvgaEmoblkmgmblfd bdhdtb modsf b p
abmi | Aj Bkg j"k~"dba “e”~odfkd pgo~gbdv pelria _b
“kpfaborqgfl k | ¢ ~ g ombkop dgib I kdfbek “j vm@pd fopnidke B N °

ml gbkgf”i _bkbNgp ~ka “lpgp Il c j~k~dba “e”odfkd

Z . N =y = s

WUICgUAGAWBgEE gEAAACUO - éAEci Ag

*l oabMpmdpp gebpb hbv "I kpfaborqfl kp% fq fp
ml gbkqgf lipl og@Ngpak~dba pét o dfffkdiypob

abp  odf rhibpy _bkbNgp qe”qgpljcigke’dpobag € be ~nol dof bkkdg f ~ i
mol sfab ql q&*keflhc qdeéeBpbbprAmickbhogeého bum~rkab
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" f dyAo bVl gbKokdNgp | c . "KrdhelDodSodkhdqg " dbk®

3bar b bi Minimize demand charges andcharging
_fiip during on-peak times when electricity
rates are high Can also enable
participation in utility demand response
events.

3bar b Reduce tal kW charging capacity
fksbpfkb needed by enabling buses to charge in
"e”~odbop parallel or sequence, reducing

rmdo”ab investments in charging equipmentand
utility upgrades

3bar " b i Reduce the need tomanually plug and
obnrfobj unplugging chargers

Match chargingto periods of high
renewable energygeneration.

1. vUOmBHUT g ial
&i b qof fqv clo " Ijjbo f~i “rpqljbop% pr
abj"ka “e”~odbp k@ @ gy bEUF k6 UE atbk mddw o~ qbp¥% t
orgbp ~ob ef debobial od kfd fqd @nbagbhjl "gkfap bEEIEK qge k ar
qf plbc i1 tbo &hh ™k aq fEjUb DUE A

-
Tk

> - Q.
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%bj ~"ka “fectbodblpj j | k 1 j 6l bkpbfkagopk gifcr ik Ibki b qof * f qv
pgor ‘qkabprk ~aa pragpqtflgyf &7 ddidmpedhb
Ignbdo8 ~Mpp ~“ka ~“ob "~ bibirgggfbiafpovdljjbo®@eb ef debpqg n
Eh@abj ~ka ar omkdAidbg dtkabK e~odbp ~ob qgvmf > "2iiv A~y
efdebpq abj~ka arlod kwlb™o Nkd fjkdd @iogfll ae*sb ~ q
1 j ml kilbkogp ef debo ~ e’ 6d bk ho bg fAjpbppbdp p b a

%bj "ka ~e”~odbp machb mpblkd b qod™Il p gopdbr ebo df kd
pfjrig~rkblrpi v ~ke” oopbikothbbl ff ggd patbg f¥keb s bk f c
fkcobgobBddbio ef de ~akbaj "aepoef et bpdbapAerodf kd
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pl cqgt Mjofok f jBrikovbh @@peshb goentd Itirtkdoeb i ief Ndobdk g

p ebageffgdqgbkp lgedhoMmb*khtiggkof bp | o | gebo afpqgol
obplro bp ¢l pr mmbs bMtfpdr @bartdblkd gmtb” 1I$5 &
(rfab_| 1 h cl o@%tmiplf Vv kk & e ikiorfpog o#*rgpobpp el t j "k~ db e
"erodfkd plcqgt”™~ob ~~r"k prhobh”dqfdlfddb™odhpmbffk® ka | s
abj "kAl

."kdba "~ e”~odfkd plcqgt”~"ob *"a&xf5BylodmdypBf kdb bkb
_fiip _v “prodfEdQfikombel rop "k lipppelarogkhkd ef

'fdrdb k" "dba $e~odfkd $2k %b ob”pb 1b~rh 11t

5eb cfdrob 7 _Guisldbdok for®épjoying Belhpssion Transit Busesillustrates
how managed charging softwarespreads charging demand over a longer period of timgo avoid
peaks in demand.

Source: Center for Transportation and the Environmenf1]

2. vUOMIWEg y-8AgE ¢ iU E e cgEIAOUE

.Mkh"ded odf&kldar efbodd mrobagvf obj bkqp¥% ~iiltfkd chbt
A _fkbhpsgl ~ dob~rgbo krj iba bloc mbriphb pado j* kk a & abf gl
cbtvYka i bpp rigi b egprfmxdio 3albgpb k g f i ipy _plgr ke i k d
p~spgrkkgpel oqgbo cqlfo bmlftieiopfkkdd f k ¢ d A ppg doru™ ¢ fimay o A
bpgfj~gbp pgddbpgbgab&bba @6 jbdrt~ggqp EU. 8UE
"Am~T fgv gl prmmlog " e”~odfkd ~q qebfo abmlqgp¥%
“erodfkd pgorgbdv ge”r@bfioi 't"bnd " d elvj Gdinrdmbg hkxm
. 8A

3. vVUOWARUCE vU&hi EUyUAgQE
. AkAdba ‘erodfEKHApibgmhrobo p&®ofkdijTjikirlgd k dr mkem
kbbapagtP~dkir ~i i W 1k miodai~rkdap & lmoe bgjl pral*tolbo
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